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Abstract--A new type of transformer with 
reduced iron loss, which is excited by a 
semlrotat lng  magnet ic  f ie ld ,  has  been 
Investigated. Factors (method of excitation and 
slits In the core) affecting iron losses are 
examlned. The iron loss of the new type of 
transformer can be reduced below the material loss 
as measured for normal ac excitation by 
introducing a slit which cuts the eddy current 
path, and by improving the method of excitation. 
I. INTRODUCTION 
The rotational hysteresis loss increases to a maximum 
value when the magnitude of the rotating flux density 
vector is increased, and it approaches zero when the core is 
saturated[l]. The new type of transformer, which is excited 
by a rotating magnetic field, has been conceived in order to 
reduce the iron loss. However, the iron loss of the 
transformer was higher than that of a conventional 
transformer[2]. 
In this paper, the construction of the new type of 
transformer has been improved, and two methods of 
excitation are examined to reduce the iron loss below that 
of a conventional transformer. 
II. SEMIROTATING FLUX TRANSFORMER 
Fig.1 shows the construction of the new type of 
transformer. It consists of a tubular core with toroidal 
windings which are wound outside the core and poloidal 
windings which are wound inside the tube. When the 
poloidal windings are used as transformer windings, two 
separate windings, namely primary and secondary, poloidal 
windings are necessary. When the toroidal windings are 
used as transformer windings, primary and secondary 
toroidal windings are needed. Two poloidal and two 
toroidal windings were provided in the experimental device 
in order to compare the methods of excitation. The number 
of tums of the toroidal and poloidal windings were 400 and 
110, respectively. The number of tums of the primary and 
secondary windings (toroidal or poloidal) were the same. 
The tubular core was made of laminations of non-oriented 
silicon steel. In order to reduce the eddy current loss, 
0.2" thick steel was used. Non-oriented steel was used 
for two reasons: 
(a) Since the exciting ampere turns in the transverse 
direction of grain-oriented silicon steel are extremely 
large, it is difficult to produce rotating flux. 
(b) Manufacturing a tubular core containing a slit using 
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amorphous metal is difficult. 
In order to reduce the eddy current loss, a slit was made 
on the outer side of the core as shown in Fig.1. Although 
the core steel has an insulating coating, a slit is necessary, 
because the direction of the eddy current is not perpendicular 
to the coating as denoted in Section 1II.B). The poloidal 
windings can be inserted through the slit. A 50pm thick 
insulating film was bonded to the surfaces of the slit after 
the poloidal winding was inserted. The legs of the 
transformer were adhesively bonded, leaving a small gap for 
electrical insulation to prevent eddy currents resulting from 
the poloidal winding. 
Fig.2 shows the semirotating flux induced in the core . 
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Fig.2 Time variations of flux density vector. 
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when the toroidal winding carries a dc current and the 
poloidal winding carries an ac current. bac denotes the 
instantaneous value of the ac component of the flux 
density. In this paper, the small letters b and h are used for 
instantaneous values and a large letter B (this appears in 
Section 111) for the peak value. bdc is the dc component, 
and b is the flux density vector. hdc is the dc component of 
the magnetic field strength. The ac winding is connected to 
a constant voltage source(50Hz). The dc winding is 
connected to a constant current source with high internal 
impedance. Therefore, bdc pulsates as shown in Fig.2. The 
frequency of the ripple component of bdc is twice the 
frequency of bac, that is 1OOHz. 
III. FACTORS AFFECTING IRON LOSS 
The main factors affecting iron loss are the method of 
excitation, the presence of a slit, and the ratio of Bac and 
Bdc. In this paper, the first two items are examined. 
A. Methods of Excitation 
There are two methods of excitation : (1) dc toroidal and 
ac poloidal, or (2) ac toroidal and dc poloidal. 
Fig.3 shows the comparison of iron loss Wrot due to 
the semirotating flux for both excitation methods. The 
maximum value B, of ac flux density is chosen as 1.4T 
I total iron loss 
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Fig.3 Comparison of methods of excitation 
(Bac=1.4T, with slit). 
(normal operating flux density), since the iron loss when 
Bac>l.4T was extremely large. The distortion of wave 
shape of the output voltage was within 4.4%. 
The hysteresis and eddy current losses were separated by 
the two-frequency method (30 and 50Hz). When the dc 
exciting current is increased, the total iron loss Wrot is 
decreased, because the hysteresis loss is remarkably reduced. 
The eddy current loss is increased when Bdc is increased. 
This is due to the distortion of the flux waveform when the 
core issaturated. 
The total iron loss under dc toroidal and ac poloidal 
excitation is lower than the ac loss measured by the single 
sheet tester(SST)[3]. On the contrary, the total iron loss 
under ac toroidal and dc poloidal excitation does not decrease 
below the ac loss. The reason can be explained as follows: 
The ac flux density bac in the outer side of the core is less 
than that in the inner side under dc toroidal and ac poloidal 
excitation, as shown in FigA(a), because the cross section 
of the outer side of the tubular core is larger than that of the 
inner side. The dc flux density b& in the outer side is less 
than bdc in the inner side under ac toroidal and dc poloidal 
excitation, as shown in FigA(b), for the same reason 
mentioned above. As the flux in the outer side is nearly dc 
in FigA(a), the iron loss in this side is very small. As a 
result, the iron loss for dc toroidal and ac poloidal is less 
than that for ac toroidal and dc poloidal. 
Although the method of excitation of dc toroidal and ac 
poloidal is better in this case, the method of excitation of 
ac toroidal and dc poloidal has the advantage that it is easy 
to construct the high voltage ac windings with thick 
insulation on the outside of the core. Therefore, the method 
of ac excitation for the toroidal winding and dc for the 
poloidal winding may be preferable. This should be 
investigated in detail in the future. 
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(a) dc for toroidal and ac for poloidal 
(b) ac for toroidal and dc for poloidal 
Fig.4 Rough sketch of flux distribution. 
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B .  Slit 
The effect of the slit shown in Fig.1, which cuts the 
eddy current path, was also investigated. In order to 
examine the effect of the slit on iron losses, the two 
methods of excitation ate compared. 
I )  de Toroidal and ac Poloidal 
Fig.S(a) shows the effect of the slit on iron losses under 
this excitation. As the eddy current density Je does not flow 
perfectly parallel to the slit, as shown in Fig.6(a), the eddy 
current loss is reduced by the slit. 
2) ac Toroidal and de Poloidal 
Fig.S(b) shows the effect of the slit on iron losses. As 
the eddy current density Je flows nearly perpendicular to the 
slit under this excitation, as shown in Fig.Ei(b), the eddy 
. current loss is decreased drastically by the slit. 
IV. CONCLUSIONS 
The results obtained can be summarized as follows: 
0: eddy current loss 
: hysteresis loss 
ea : total iron loss l o t  8 
without slit with slit 
(a) dc toroidal and ac poloidal excitation 
without slit with slit 
(b) ac toroidal and dc poloidal excitation 
Fig.5 Effect of slit on iron losses (hc=1.4T, Bdc=1.4T). 
(a) dcfor toroidal and ac for poloidal 
(b) ac for toroidal and dc for poloidal 
Fig6 Cut of eddy current path by slit. 
(a) The iron loss of the new type of transformer can be 
reduced to 30% below the material loss measured by the 
single sheet testerC33. 
(b) The effect of the slit has been determined quantitatively. 
(c) Dc toroidal and ac poloidal excitation is better from the 
standpoint of iron loss. 
Since this research is a preliminary one for 
investigating the possibility of low iron loss transformer, 
the following items should be investigated in the future: 
measurement of iron loss characteristics under 
semirotating flux, 
investigation of output power per unit mass of core 
material, copper loss and the effects of a slit and gap on 
leakage flux, 
investigation of optimal design parameters (capacity, 
voltage, insulation, impedance etc.), 
examination of the most suitable material (amoqhous 
metal, etc.) for the core and the optimal ratio B a a & ,  
consideration of a superconducting transformer based on 
this new design. 
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